Research studies that are conducted by both the Air Force Institute of Technology (AFIT) and other domestic and foreign organizations indicate that investigations of corrosion phenomena present a very important factor with respect to prolongation of technical resources and operation of aircraft driven by their actual technical condition. The investigation of the corrosion degree and deterioration of protective coatings must be carried out in a systemic manner with thorough analysis of information that bring together the aircraft operation and the processes of corrosion and deterioration of protective coatings. The investigation must comprise measurements of the atmospheric corrosion in order to determine corrosive aggressiveness of the atmosphere and establish frequency and scope of corrosion inspection. Only the analysis of gathered information with its characteristics may guarantee safe operation of structural components of aircrafts according to their actual technical condition. This paper outlines the approach to corrosion investigation that is in place in AFIT.
Introduction
Individual items of aircrafts during operation thereof are exposed to various atmospheric conditions, thus utilization of the service life assigned to each aircraft is not identical for all units due to different degree of corrosion and deterioration of protective coatings. The analysis of remained service life for selected aircrafts that are currently operated by Polish Air Forces made it possible to conclude that during about 96% of their service life the aircrafts stay on airfields [1] . Therefore, one of important factors that affect technical condition of aircrafts is the adverse DOI 10.2478/v10041-012-0004-2 effect of the environments where they are operated. Monitoring of parameters that reflect advance of the corrosion process (corrosion pits, corrosion degree of reference specimens and materials that are used for structural components of aircrafts) may provide information that is necessary to characterize the operation process driven by the degree of corrosion and condition of protective coatings. These parameters that support scheduling of the operation process include frequency of corrosion inspections that serve as milestones for operation of aircraft structures according to their actual condition [5, 6] , corrosion rates and degree of corrosion affecting the aircraft materials during specific time periods, categories of the atmosphere corrosion aggressiveness, prediction of corrosion loss, class of surface preparation before application of protective coatings, selection of the most efficient painting system, monitoring of corrosion processes that affect materials used for structural components of aircrafts, correlation between results of accelerated investigations and the actual conditions of ambient environment where aircrafts are operated.
The experience demonstrates that operating conditions are usually different for individual units of aircrafts, thus the utilization degree of service life is not the same for every unit.
It should be kept in mind that the service life is the time interval that is established by the equipment manufacturer upon experiments and theoretical calculations that take account for such factors as flight durations, number of takeoff and landing operations, calendar operation time (age) of the aircraft. During the service life aircrafts operation is guaranteed with the predefined level of safety along with the operation performance. When the service life is exceeded, no further operation of the aircraft is allowed.
The maintenance approach that is based on the schedule of preventive operation (according to the service lives of components) assumes that some amount of prophylactic jobs should be executed upon a predefined deadline is exceeded or the allowed time limit expires regardless the actual condition of the system and facilities [3] . On the contrary, the operation method driven by the equipment condition is in place when status of the operation process is determined on the basis of events that affect technical constitution of equipment [7] . The operation driven by technical condition can be split into two options: with monitoring of the reliability level and monitoring of parameters demonstrated by the monitored facilities. The maintenance and overhauling method driven by technical condition and with monitoring of the reliability level consists in acquisition, processing and analysis of information that reflect operation reliability and performance of a set made up of unified products, where the decision about the scope of required prophylactic jobs (if any) is made for the entire set of products or for specific subgroups. Replace-ment of each product is carried out after its failure but the failure is still safe for the entire functional system. The method entails the need to select appropriate parameters that depict the operation process in a right and trustworthy manner, which, in turn, required classification of the events recordable during the equipment operation according to the scale of importance. On the other hand, the method of maintenance and overhauling according to the actual condition of the equipment and with monitoring of selected parameters assumes that these parameters that reflect the technical condition of the functional system and the product itself are continuously or periodically checked and measured in line with an established schedule. The decision that a product is to be replaced or its operating performance is to be restored is made when values of monitored parameters exceed the warning thresholds and approach the critical level.
Corrosion factors affecting technical condition of structural components
One of important factors that affect the technical condition of aircraft structures is the adverse impact of ambient environment where the aircrafts are operated. The corrosive environment is understood as the ambient conditions within the vicinity of an aircraft with presence of at least one (or more) corrosive factor, i.e. a substance that induces corrosion when comes into contact with a specific metal.
Development and progress of corrosive processes depends on a number of both internal and external factors. The internal factors include the metal type and grade, its chemical composition, structure, surface condition, thermal treatment, stress and strain condition, whilst the temperature, humidity, amount of precipitation, moistening duration, intensity and duration of exposure to sunlight illumination, direction and velocity of wind (flow rate), concentration of SO 2 , NO 2 , O 3 in ambient air, pH of precipitation, concentration of sulfates Information about internal factors may be obtained from the engineering documentations while external factors, their presence and content in the ambient atmosphere are specified in records that are kept by the Chief Inspectorate of Environmental Protection and from the Hydrometeorological Centre of Polish Army. The analysis of the impact exercised by hazardous substances contained in the atmosphere onto acceleration of corrosive processes can be used for estimation how often aircraft structures are to be washed, which results in retardation of these pro-cesses. The factors that lead to corrosive damage and deterioration of protective coatings are taken into account for the analysis of the service life prolongation and possibility of operation driven by the technical condition of aircrafts.
Opportunities to use results from investigation of atmospheric corrosion carried out by AFIT for operation of aircrafts
Aircrafts are chiefly exposed to external factors that are present in the ambient atmosphere. It is why the investigation that are carried out by AFIT are, by definition, focused on corrosion under natural atmospheric conditions and consist in exposition of material specimens onto such ambient conditions with periodical checks and measurements [2] , where weight loss of specimens is determined within the specified time schedule together with alteration of their appearance and other physical parameters. Implementation of the program dedicated to assess corrosive aggressiveness of the ambient atmosphere on the basis of exposed reference specimens as well as studies on corrosion of specimens made up of avionic materials is the issue that needs a very scrupulous approach and repeatability of the entire investigation procedure. The AFIT launched the system for investigation of atmospheric corrosion, where the program is incorporated into the management system. The workflow of operations that are carried out within that investigation system is shown in Fig. 1 .
In turn, Table 1 shows subsequent phases of the research program run by AFIT and dedicated to the atmospheric corrosion as well as underlying document that serve as the reference for the studies. Internal instruction: "Assessment of the corrosion degree and corrosion resistance of specimens based on their image of outer appearance after numerical processing".
A number of aircraft structural components are the ones that are hard accessible and cannot be viewed, neither directly nor indirectly -with use of laboratory instruments. These components that are accessible with great difficulty include:
-inner space of flaps behind wings, front flaps, wings, tail plane, fin, compressed air balloon, air cylinders incorporated into undercarriage legs, -outer surfaces of components included into the steering system that are inaccessible when only the operations specified in the maintenance documentation are executed and accessible exclusively upon carrying out additional operations that exceed the scope specified in the maintenance documentation, -surface of components that make up the fuselage structure, these surfaces are accessible exclusively upon carrying out additional operations that exceed the scope specified in the maintenance documentation.
By monitoring of corrosion loss for materials that are used for structural components of aircrafts, weight and volume loss of reference specimens and being aware of correlation between weight losses of corrosion specimens made of materials used for avionic components and reference specimens it is possible to roughly estimate degree of corrosion for hard accessible components. The diagram in Fig. 2 explains how to evaluate hidden corrosion with use of monitoring results for atmospheric corrosion. Results from completed investigations are then used to estimate weight loss of specimens due to corrosion and the corrosion degree of specimens is then determined pursuant to the already revealed parameters. Based on these results it is possible to:
-estimate frequency of corrosion inspections for specific units of aircrafts within the operation procedures driven by technical condition of the equipment, -obtain information about behaviour of metals in the natural atmospheric environment, -find out, which metal is the most suitable for the specific type of natural atmosphere, -determine resistance to corrosion of metals in specific types of atmospheres by establishing corrosion rates and corrosion degree of materials within scheduled time intervals, -compare corrosion resistance of two or more metals under specific atmospheric conditions, -determine mechanism of corrosion affecting specific metals and alloys, -predict loss caused by corrosion, -determine the class of surface roughness how the surface should be prepared for application of protective coatings, -select the most suitable and efficient painting system and, in consequence, achieve the most cost-effective corrosion protection by application of the protective coating with the most appropriate thickness and of the best suitable material, -specify the lifetime of the corrosion protection, -monitor corrosion processes detrimental to materials that are used for structural components of aircrafts, -reduce acquisition of environmental information and determine impact of environmental factors by weight loss of reference specimens, -develop a mathematical model applicable to prediction of the corrosion aggressiveness of the ambient atmosphere, -establish relationships between results of test under laboratory conditions (accelerated investigations) and corresponding results for natural environment of operated aircrafts.
Investigation of the atmospheric corrosion present one of the most important aspects of tasks associated with analysis of opportunities to prolong service lives of aircrafts and operate them according to the actual technical condition. Operations that are to be carried out within the scope of examinations should adhere to already developed procedures, methodology and instructions but nevertheless they must be updated in pace with accumulation of experience and extension of the knowledge.
Assessment of corrosion degree and deterioration of protective coatings on structural components of aircrafts in operation
The assessment of corrosion degree and deterioration of protective coatings should be carried out during routine inspections that must be completed by an expert who is familiar with the aviation issues and possessing sufficient knowledge related to development of corrosion processes. The appropriate identification of corrosion type and its degree combined with assessment of types and deterioration intensity of protective coatings affects selection of the appropriate method of surface preparation and application of suitable materials for repairs. To implement efficient supervision of aircrafts in terms of corrosion and deterioration of protective coatings it is also necessary to correctly find out the regions that must be subjected to regular inspections within the scheduled time intervals of operation.
All the completed investigations and analyses make it possible to determine the areas of aircraft structures that are particularly exposed to development of corrosion processes. Fig. 3 presents an aircraft example with indication of such areas [6] . 1. Under the cover of the anti-icing system -moisture can accumulate under the cover that may be conducive to development of corrosion processes. 2. Floor brackets and the floor itself -both the floor and all invisible parts that make up its bearing structure are subject to corrosion if they are constantly in contact with moisture. 3. Passenger and cargo compartments, doors for staff -the floor and structures within the areas affected by atmospheric precipitation and accumulation of condensates. 4. Kitchen areas -spilled meals, fruit juice and other types of aggressive solutions remain in long-term contact with metallic structures and induce corrosion when shielding properties of protective coatings get deteriorated. 5. Areas down the path of exhaust gases -exhaust gases affect pods and nacelles, surface of wing sheathing which, combined with permanent leaks onto wing structures, may dissolve and wash out the protective coatings and lead to development of corrosion beneath these surfaces. 6. Fuelling areas -the corrosion process may develop within the fuelling areas where water condensate is accumulated. 7. Lavatory areas -soap water, organic wastes that are present in these areas are conducive to fast development of corrosion as well to deterioration of strength properties of adjacent structures. 8. Battery area -spills of battery electrolytes is a really important corrosion factor.
It must be noted here that advanced expertise is indispensable to appoint aircraft regions that have to be monitored during subsequent inspections according to the adopted schedule with the aim to detect corrosion traces and deterioration of protective coatings. Such expertise can be gained from jobs carried out to prolong service life of equipment and to operate individual aircraft units according to their actual condition.
Fig. 3. Aircraft areas particularly exposed to development of corrosion processes
The tasks associated with prevention from development of corrosion processes during operation of the equipment can be split into four phases, i.e. the preliminary assessment, indirect and direct examinations and final assessment. Such an approach is a comprehensive interdisciplinary process that needs to bring together a number of experts from various fields of science and technology, starting from data acquisition and integration up to multi-aspect engineering analysis.
During the initial phase of the process, after having completed the analysis of collected data, it is necessary to appoint critical areas of the structure with the aim to specify the locations where corrosion spots may potentially appear. Fig. 4 presents the silhouette of the Mi-8 /Mi17 helicopter where specific locations of potential corrosion spots are indicated.
Indirect examinations that include measurements of corrosion aggressiveness demonstrated by the ambient atmosphere in order to assess efficiency of corrosionprotecting systems, are meant to identify deterioration of protective coatings and, if any, determination of their severity. It is also necessary to find out other disorders as well as regions where corrosion hazard exists or may appear in future. The objective of direct examinations is to appoint, which of the locations defined during indirect tests are the most hazardous and to collect information for assessment of the corrosion hazard. Therefore, after having the indirect test completed the next step is to establish criteria for selection of locations for direct tests. It is the assessment process that is necessary for further direct tests at each of the appointed locations and it benefits from the probability of currently existing corrosion hazard as well as size and effects of former corrosion processes. That process should involve assessment of the protective coating condition and set up specific requirements with regard to measurements and scope of the data to be acquired. The remaining strength (or lifetime) is calculated for locations where corrosion traces already existed. The final assessment comprises analysis of measurement information collected during both indirect and direct examinations carried out for the specific aircraft, determination of integrity degrees and setting up priorities and schedules for repairs and timeframes for subsequent inspections and tests. Fig. 5 shows the silhouette of the Mi-8 helicopter with indication of subassemblies that underwent corrosion investigations during routine test upon the occasion of jobs required by the service life of the aircraft. This paper outlines the general approach of AFIT to the issue of service life prolongation and aircraft operation driven by actual technical condition of them in terms of corrosion and deterioration of protective coatings. The acquired experience demonstrates that investigation of atmospheric corrosion, the analysis of environmental factors and selection of critical areas to be inspected during routine jobs provides plenty of information that support the process of service life prolon- 
Conclusions
1. Examination of corrosion presence and degree is an important component of efforts that are aimed to prolong service life of aircrafts and operation driven by actual technical condition thereof. 2. Examinations of the corrosion degree and deterioration of protective coatings must be carried out in the systemic way that includes the following steps: -acquisition of information about defects /disorders detected during operation of the equipment; -launching and continuous execution of investigation on the atmospheric corrosion; -keeping records on flying time and landings of aircrafts; -acquisition and storage of information from corrosion inspections. The analysis of gathered information that characterizes the operation process at the aspects of corrosion and deterioration of protective coatings may enable to monitor susceptibility of structures to corrosive damage.
Results from investigations on atmospheric corrosion present an important
component of the process aimed to prolong service live of aircrafts and operate individual aircraft units according to their actual technical condition. Assessment of the corrosion aggressiveness of the atmosphere makes it possible to estimate how often inspection of corrosion traces should be carried out for individual aircraft units. 4. The systemic and scheduled approach to investigation of corrosion phenomena shall bring results that shall eventually enable to achieve the benefit that operation of avionic airframes shall be driven by their actual technical condition. 5. Investigation of the atmospheric corrosion are carried out by ITWL according to international and Polish standards as well as on the basis of controlled documentation that is incorporated into the management system of the Institute.
